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TRANSIM  V User's  Manual. 


A.  GENERAL. 

1 . Background . 

UCLA  Project  TRANSIM  and  its  predecessor  research  and 
development  project  activities  at  UCLA  have  received  contractual 
funding  support  from  the  Department  of  the  Navy  since  1951.  Develop- 
ment of  the  original  TRANSIM  general-purpose  computer  simulator  was 
completed  by  the  UCLA  Project  TRANSIM  staff  in  1966  after  a three-year 
development  program  sponsored  by  the  U.S.  Department  of  Commerce, 
Maritime  Administration,  and  the  Department  of  the  Navy.  Prior  to  1963, 
the  Office  of  Naval  Research  was  Project  TRANSIM's  primary  sponsor.  In 
recent  years,  major  Navy  support  has  been  furnished  by  the  Naval  Sea 
Systems  Command  (NAVSEA)  and  the  Office  of  Naval  Research  (ONR) , with 
secondary  support  from  the  Naval  Facilities  Engineering  Command  (NAVFAC) 
and  Naval  Electronic  Systems  Command  (NAVELEX) . 

The  general  objective  of  the  UCLA  Project  TRANSIM  Program  has  been 
to  provide  ongoing  development  research  and  implementation  of  the 
UCLA-developed  computer  simulation  techniques  and  to  provide  a training 
program  which  would  assure  successful  Navy  implementation  of  this 
program  package.  A specific  research  and  development  objective  of 
Project  TRANSIM  was  to  develop  general-purpose  computer  simulation  to 
its  ultimate  as  a versatile,  economical,  easy-to-use,  and  effective 
management  tool.  The  basic  developmental  "vehicle"  has  been  the  TRANSIM 
general-purpose  simulation  technique.  By  virtue  of  its  general-purpose 
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design,  the  TRANSIM  approach  offers  the  advantage  of  a single,  versa- 
tile modeling  technique  capable  of  replacing  individual  special-purpose 
techniques  now  employed  by  the  Navy.  The  latest  version,  TRANSIM  V, 
is  designed  to  be  used  as  a management  tool  by  the  Navy  in  a number 
of  different  management  problem  situations,  including: 

A.  Systems  Analysis 

1.  Early  analysis  of  requirements. 

2.  Evaluating  alternative  concepts,  system  equipment,  facilities 
and  operating  policies. 

3.  Determining  efficient  manning  levels  and  resource  allocation. 

4.  Calculating  reliability  vs.  maintainability  tradeoffs. 

5.  Determining  integrated  logistics  support  resource  requirements. 

B.  Project  Risk  Management 

1.  Technical  tradeoff  analysis. 

2.  Planning. 

3.  Cost  estimating. 

4.  Scheduling. 

5.  Resource  allocation. 

6.  Project  control  (resource  management  and  budget). 

7.  Change  order  impact  analysis. 


C.  Production  Scheduling 

1.  Shipyards. 

2.  Other  Navy  industrial  installations. 

3.  Navy  ship  system  contractors. 


D.  Risk  Analysis 

1.  Technological  risks. 

2.  Schedule  risks. 

3.  Make-or-buy  decision  risks. 

4.  Cost  and  capital  investment  risks. 


The  technique  is  designed  to  exploit  to  the  fullest  the  user's 
knowledge  of  problem  situation  and  environment  peculiarities  while 
minimizing  his  involvement  with  tedious  computer-oriented  chores 
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by  adhering  to  the  principle  of  user-orientation,  the  TRANSIM  computer- 
based  techniques  can  be  successfully  used  by  personnel  who  are  not 
familiar  with  computer  programming  and  technology. 

The  "end  products"  of  the  UCLA  Project  TRANSIM  Research  and  Develop- 
ment Program  are  currently  in  effective  use  on  numerous  Navy  projects. 
Based  upon  the  feedback  experiences  from  such  actual  applications,  it 
has  been  possible  to  improve,  update,  and  expand  the  analytical  power 
of  the  technique  while  increasing  its  analytical  efficiency.  This 
continuing  development  capability  has  resulted  in  the  development  of 
the  current  TRANSIM  V version  which  has  considerably  more  analytical 
power  and  efficiency  than  the  original  TRANSIM  I and  interim  versions. 

2 . Description  of  TRANSIM  V. 

Unlike  conventional  critical-path  network  techniques, 
TRANSIM  V can  account  for  uncertainty  in  project  planning  and  performance. 
The  availability  of  the  TRANSIM  technique  makes  feasible  project  risk 
analysis  and  risk  management  of  highly  complex  projects. 

Management  has  long  known  of  the  existence  of  risk  on  many  projects, 
but  has  not  had  a convenient  and  rigorous  means  of  determining  how  much 
risk  exists  and  how  to  control  it.  With  TRANSIM  V,  project  management 
can: 

o Determine  the  level  of  risk  associated  with 

its  adopted  project  plan,  schedule,  and  budget. 

o Develop  a project  plan,  schedule,  and  budget 
conforming  to  a level  of  risk  acceptable  to 
management . 

o Control  the  project  from  beginning  to  end  within 
acceptable  limits  of  schedule  and  budget  risks. 
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Planning  with  TRANS IM  V. 


The  network  planning  of  a project  is  the  arranging 
of  the  precedence  and  sequence  of  project  tasks  as  appropriate  to  provide 
the  "road  map"  for  project  execution.  Probabilistic  planning  of  projects 
which  can  be  either  event-  or  activity-oriented  (or  a combination  of 
both)  differs  only  slightly  from  conventional,  deterministic  planning. 

The  probabilistic  planner  may  include  in  his  listing  of  project 
activities  those  not  having  a 100%  likelihood  of  being  performed  at 
all;  or,  if  performed,  may  not  always  follow  the  same  sequence.  For 
example,  a design  task  may  not  have  a 100%  probability  of  realizing 
approval;  some  changes  may  have  to  be  made.  The  planner  can  account 
for  such  uncertainty  by  providing  a probabilistic  network  branch  with 
an  estimated  chance  of  being  realized.  Similar  probabilistic  branches 
may  be  required  to  represent  other  planning  uncertainties  (i.e., 
the  failure  of  a test  would  require  diagnosis,  corrective  action,  and 
a retest). 

b.  Scheduling  with  TRANSIM  V. 

Project  managers  are  not  universally  aware  that  the 
expected  project  completion  time  produced  by  deterministic  methods 
has,  perhaps,  as  much  as  a 45  to  50%  probability  of  being  exceeded. 

This  can  have  important  consequences  when  the  project  completion  date 
is  keyed  to  such  important  events  as  starting  the  operation  of  a pro- 
duction line,  moving  into  a new  building,  or  a new  bank,  or  completing 
the  building  of  a ship.  By  definition,  the  deterministic  "expected" 
completion  time  does  not  account  for  the  actual  range  of  completion 
times  which  result  from  the  aggregation  of  all  project  uncertainties. 


TRANSIM  V utilizes  the  estimator's  full  range  of  experiences  for 


its  input  data  as  a more  accurate  basis  for  schedule  decisions.  Whereas 
conventional,  deterministic  techniques  utilize  a single  value  which  may 
be  optimistically  or  pessimistically  biased,  the  input  to  TRANSIM  V 
involves  a range  of  values  from  the  smallest  to  the  largest  probable 
value.  This  bracketing  of  activity  durations  and  the  probabilities  of 
various  activity  times  falling  within  the  bracket  usually  cancels  out 
any  personal  bias  on  the  part  of  the  estimator  and  provides  a far  better 
indepth  estimate  for  schedule  purposes. 

TRANSIM  V produces  as  output  the  distribution  of  project  completion 
times.  The  project  manager  then  has  available  a data  presentation  which 
will  allow  his  selection  of  a completion  date  compatible  with  an  accept- 
able level  of  risk.  For  example,  there  might  be  a 10-20%  likelihood 
that  the  actual  project  completion  date  may  exceed  the  "expected"- date 
by  30%.  In  the  case  of  a ship  construction  project,  he  might  accept 
a scheduled  completion  date  which  has  a 75%  probability  of  being  attained. 
For  the  delivery  of  a newly  developed  sonar  system,  the  importance  of 
the  equipment  to  ship  construction  may  cause  selection  of  a procurement 
lead  time  schedule  which  will  provide  a 98%  assurance  that  the  equipment 
will  be  delivered  in  time. 

Because  capacity  for  risk-taking  differs  among  individuals  and  for 
different  project  circumstances,  each  project  manager  on  each  different 
type  of  project  has  his  own  unique  acceptable  level  of  risk  which  is 
dependent  upon  considerations  such  as  cost,  size  of  investment,  inter- 
action with  other  projects,  lost  revenue,  weather  (completing  before 
winter,  etc.),  and  availability  of  budget  funds.  The  ability  of  the 
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project  manager  to  select  a project  schedule  to  fit  the  degree  of 


acceptable  risk  is  one  of  the  unique  features  of  the  probabilistic 
network  analysis  technique. 

c . Resource  Allocation  with  TRANS TM  V. 

Projects  always  make  demands  on  resources  such  as 
manpower,  materials,  machines,  tools,  facilities,  and  capital.  All 
project  schedules  typically  suffer  from  some  scarcity  of  resources  and 
the  net  effect  is  always  to  delay  completion.  As  a result,  analysis 
to  determine  how  level  of  available  resources  affects  scheduling  is 
critical  to  effective  project  management. 

Several  of  the  conventional  network  techniques  can  account  for 
resource  requirements  and  the  net  effects  on  schedule  caused  by  limita- 
tions in  resource  availability.  Typically,  the  planner  first  develops 
the  schedule.  Next,  he  sums  up  the  net  requirements  for  each  of  the 
resources.  Usually,  the  level  of  required  resources  will  show  in- 
tolerable peaks  and  valleys  when  viewed  over  the  length  of  the  project. 

If  resources  were  unlimited,  the  management  task  would  be  simple: 

To  merely  assure  that  the  resources  were  at  the  right  place  when  required. 
However,  due  either  to  cost  or  to  insufficient  supply  (such  as  highly 
specialized  skills),  most  resources  are  severely  limited,  and  the  plan- 
ner will  "level"  them.  In  other  words,  he  will  establish  a resource 
level  compatible  with  project  objectives,  cost,  and  resource  avail- 
ability. Establishing  resource  requirements  using  this  deterministic 
technique  is  straightforward  but  inaccurate. 


On  real-life  projects,  the  assignment  of  resources  must  also  be 
dependent  upon  the  variable  start  and  finish  dates  of  individual  pro- 
ject activities.  Thus,  the  probabilistic  network  planner  deals  with 
"probabilities"  of  different  levels  of  resources  being  required  on 
different  project  dates  as  will  be  experienced  once  the  project  is 
actually  underway.  As  in  the  case  of  probabilistic  scheduling,  the 
resource  decision  will  be  dependent  upon  the  acceptable  level  of  risk. 

For  a critical  activity  or  for  projects  with  firm  completion  committments, 
a low  risk  level  might  be  appropriate.  For  others,  a higher  risk  level 
might  be  tolerated. 
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INPUT  DATA 


1 . Data  Requirements 

TRANSIM  V,  like  other  general  purpose  modeling  techni- 
ques, can  accept  input  data  at  any  level  of  detail.  Depending  upon  the 
availability  of  and  the  need  for  detail,  a model  may  be  very  detailed  in 
one  area  and  relatively  gross  in  other  areas.  For  example,  a ship  acqui- 
sition project  model  will  initially  concentrate  on  design  details;  later 
on,  as  the  project  progresses,  detail  emphasis  will  shift  to  construction, 
then  to  outfitting,  sea  trials,  and  so  on. 

Data  may  be  derived  from  the  most  reliable  and  readily  available 
sources.  Experience  has  shown  that  with  proper  interviewing  techniques, 
subjective  estimates  of  activity  performance  time  obtained  from  experienced 
personnel  are  generally  superior  to  experience  data  based  on  inadequate 
sample  sizes  (See  Engineering  Report  No.  7111,  Bongers,  L.  S.  "Obtaining 
Task  Time  Data  from  Human  Store  and  Factors  Affecting  Retrieval,"  December 
1971.) 

2 . Data  Preparation 

For  systems  analysis  applications  only,  please  refer 
to  the  TRANSIM  User's  Manual  (UCLA  Engineering  Report  No.  7168,  December 
1971)  and  Supplement  (UCLA  Engineering  Report  No.  7443,  August  1974). 

The  following  sections  of  this  manual  apply  to  project  risk  man- 
agement applications  only.  TRANSIM  V data  preparation  is  accomplished 
through  the  aid  of  preprinted  data  sheets.  FORMS  C-0  through  C-13A,  as 
described  below,  serve  to  collect  all  the  data  necessary  to  set  up  and 
execute  a model,  and  include  complete  output  report  specifications.  When 
completed,  the  forms  are  processed  for  the  computer  as  described  in 
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"Computer  Operations. 


a.  TRANS IM  V Input  Data  Sheets. 

( 1 ) FORM  C-0  (RUN  TITLE,  STORAGF.  ALLOC  AT  ION  AND 
WORKDAY/CALENDAR  DATE  CONVERSION  DATA). 

The  data  described  on  FORM  C-0  should 
appear  at  the  beginning  of  the  TRANSIM  V input  data  deck. 

FORM  C-0  input  begins  with  the  RUN  TITLE  CARD  which  gives,  in 
Columns  1-72,  the  title  to  be  printed  at  the  top  of  each  page  of  output. 

It  is  recommended  that  the  date  of  the  run  and/or  a run  number  always 
be  included  in  the  title  in  addition  to  the  name  of  the  project. 

The  INTERNAL  DATA  STORAGE  REQUIREMENTS  CARD  is  the  second  input 
item  on  FORM  C-0.  The  number  of  required  internal  storage  words  should 
be  the  only  entry  on  the  second  input  card  and  can  appear  anywhere  in 
Columns  1-72.  However,  as  seen  in  FORM  C-0,  for  consistency  purposes 
Columns  54-59  have  been  allocated  for  appropriate  storage  requirement  entry. 

The  relationship  between  the  internal  data  storage  and  the  actual 
machine  storage  requirements  to  be  specified  in  the  job  control  deck  is 
dependent  on  the  installation  where  the  job  is  being  run.  However,  the 
internal  data  storage  requirements  for  a given  network  is  approximately 
the  same  for  any  installation. 

For  any  network,  the  total  data  storage  requirements  can  be 
approximated  by  the  following  formula: 

T = 70A  + RD( 10+P) 
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where  T = Total  number  of  words  of  storage  space  required; 
A = Total  number  of  activities  in  a network; 


RD  = Total  number  of  resource  pools  to  be  reported  on 
multiplied  by  the  average  number  of  workdays  (or 
time  periods,  if  time  periods  are  used)  over  which 
the  resource/cost  pools  are  in  use;  and 


P = Total  number  of  words  used  for  percentile  resource 
or  cost  reports.  (If  there  are  no  percentiles,  P will 
be  zero.) 


where  P = (j^  (n  + 100  - u)  + 4)  + (-y 


(N  + 100  - U ) + 4) 


(percentiles) 


(cumulative  percentiles) 


with  I = 
n = 

u = 
N = 
U = 


The  number  of  iterations 

The  lower  percentile  for  the  resource  or  cost 
report 

The  upper  percentile 

The  lower  percentile  for  the  cumulative  value 
The  upper  percentile  for  the  cumulative  value 


For  example,  if  the  total  number  of  activities  in  the  network  is 
662,  and  resource  pool  AA  is  in  use  on  the  average  from  time  period  100 


through  174;  pool  BB  from  time  period  110  through  127  and  again  from 
time  period  133  through  150;  and  pool  CC  from  time  period  212  through 
406;  then  the  total  number  of  words  of  data  storage  required  for  the  net- 
work would  be  approximately: 

(70  x 662)  + (3  x y x 10)  = 49,400 

or  46,340  words  for  activities  and  3,060  for  resource  reports. 
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As  an  example  of  percentile  storage  requirement,  consider  a 


network  with  600  activities  and  two  cost  codes,  BOOST  and  TCOST.  BOOST 
is  used  from  time  period  100  through  149  and  TCOST  from  time  period 
100  through  199.  For  BOOST,  we  ask  for  cost  report  percentiles  10  and 
90  and  cumulative  percentiles  5 and  95.  For  TCOST,  we  ask  for  cost 
report  percentiles  2 and  98.  One  hundred  iterations  are  run. 


T = 70  X 60  + 50  (10  + HO  + 100  - 90)  + 4) 

1 100 


BOOST  percentiles 

+ (5  + 100  - 95)  + 4)  ) + 100  ( 10  + 


BOOST  cumulative 


( 2 + 100  - 98  ) + 4 ) ) 


TCOST  percentiles 


T = 42,000  +2,400  + 1,800 

= 46,200 


In  the  above  example,  the  resource/cost  reporting  requirements 
are  small  relative  to  the  requirements  for  activities.  However,  in 
many  cases,  the  opposite  is  true  either  because  the  number  of  resource/ 
cost  pools  is  large,  or  because  their  use  extends  over  many  workdays/ 
time  periods,  or  both.  In  such  a case,  the  data  storage  requirements 
may  be  reduced,  if  necessary,  by  either  increasing  the  size  of  the 
time  period  (which  is  by  default  one  workday,  if  not  otherwise  specified 
on  Form  C-10),  or  by  suppressing  printing  of  reports  for  some  of  the 
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resource/cost  pools  (by  means  of  Forms  C-14  and  C-15A).  More  than  one 
computer  run  may  be  made  if  necessary  in  order  to  obtain  all  the  reports 
needed  for  analysis  without  loss  of  correlation  of  results,  because  the 
simulation  will  be  identical  from  run  to  run  if  no  changes  are  made  in 
the  input  data  (except,  of  course,  for  the  report  specifications). 

The  report  given  at  the  end  of  each  run,  giving  the  maximum 
data  storage  used,  is  an  accurate  accounting  and  can  be  used  with 
confidence  to  predict  future  requirements  for  similar  runs. 

WORKDAY/CALENDAR  CONVERSION  SPECIFICATIONS— "YES"  or  "NO". 

If  "NO",  then  simply  enter  "NO"  and  go  to  the  next  form. 

The  output  reports  will  be  specified  in  terms  of  the  relative  number 
of  workdays  from  the  beginning  day  of  the  network. 

If  "YES",  enter  "YES"  and  go  on  to  the  next  line  where  the 
BEGINNING  DATE  should  be  entered.  If  "YES"  is  entered  in  WORKDAY/ 

CALENDAR  CONVERSION  SPECIFICATIONS,  cross  out  those  days  of  the  week  not 
applicable  (i.e.,  nonworking  days)  and  list  below  this  where  indicated, 
those  holidays  taken  which  fall  on  a normal  working  day.  For  example, 

July  the  Fourth  falls  on  a Tuesday  in  1978,  which  is  normally  a working 
day.  List  4 July  1978  in  one  of  the  columns  as  specified  below  (Key- 
words for  months  are  listed  on  the  sheet  and  are  to  be  used  in  all 
cases  where  date  entry  is  necessary).  HOLIDAYS  listed  do  not  have  to  be 
in  sequence. 
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(2)  FORM  C-l  (ACTIVITY/MILESTONE  LIST). 

The  ACTIVITY/MILESTONE  LIST  (FORM  C-l) 
follows  FORM  C-0.  Entered  on  this  form  is  the  ACTIVITY/MILESTONE  CODE, 
ACTIVITY/MILESTONE  DESCRIPTION,  and  RESPONSIBILITY  CODE.  There  are 
as  many  lines  as  there  are  Responsibilities  coded  for  any  given  activity. 
BASIC  DEFINITIONS. 

ACTIVITY.  An  ACTIVITY  is  a specific  task  to  be  performed. 

MILESTONE.  A MILESTONE  is  an  activity  whose  performance  time 
is  essentially  zero  and  does  not  take  any  resources;  e.g.,  final  delivery 
or  acceptance  of  a group  of  tools. 

RESPONSIBILITY.  A RESPONSIBILITY  is  the  individual,  depart- 
ment, or  code  in  charge  of  performing  the  listed  activity. 
ACTIVITY/MILESTONE  CODE. 

Coding  of  the  activity  entered  on  this  form  should  be  done  in  as 
simplified  and  clear  a form  as  possible.  The  code  must  consist  of  a 
minimum  of  two  and  a maximum  of  eight  contiguous  characters — NOT  LISTED 
AS  A KEYWORD. 

Some  acceptable  codes  are: 

01 

A1 

NAM3 

56678 

JOBOOIOI 

Some  unacceptable  codes  are: 

MONTH  (keyword) 


* 
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1.01  (decimal  number) 


r 


A (only  one  digit;  minimum  of 

two  necessary) 

AB  12  (noncontiguous  characters) 

Remember  that  these  rules  apply  to  all  codes  whether  they  be 
ACTIVITY/MILESTONE,  RESPONSIBILITY,  or  EXHIBIT  references,  and  that 
they  are  unique  to  their  elements  throughout  the  TRANSIM  V package. 
ACTIVITY /MILESTONE  DESCRIPTION. 

ACTIVITY/MILESTONE  DESCRIPTIONS  can  be  a combination  of  alpha- 
numeric characters  and  blank  spaces.  It  provides  a "shorthand" 
description  of  the  activity,  unless  a complete  description  can  be  given 
in  the  40  columns  allotted  on  the  computer  card  for  this  purpose. 

The  Description  appears,  along  with  the  Activity  Code,  on  all  out- 
put reports  pertaining  to  Activity  Schedules.  A missing  description 
will  result  in  a warning  message. 

RESPONSIBILITY  CODE. 

Like  the  Activity/Milestone  Codes,  the  Responsibility  Codes  consist 
of  two  to  eight  contiguous  characters  which  have  not  been  listed  as  a 
keyword.  These  codes  are  used  to  produce  separate,  selected  Activity 
Schedule  Reports  in  addition  to  a master  Schedule  Report,  which  includes 
all  activities  irrespective  of  their  Responsibilities. 

The  RESPONSIBILITY  CODE  is  entered  on  the  same  line  as  the  ACTIVITY/ 
MILESTONE  CODE  and  DESCRIPTION.  If  there  is  more  than  one  Responsibility 
for  a specific  activity,  they  are  listed  on  the  following  line(s). 


TRANSIM  V does  not  interpret  any  data  punched  in  this  section.  This 
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section  is  most  commonly  used  to  provide  identification  and/or  sequencing 
information  as  an  aid  in  handling  large  data  decks. 

Certain  installations  have  facilities  which  enter  SEQUENCE  NUMBERS 
automatically  in  these  columns  (i.e.,  this  is  done  by  the  on-line  editing 
features  of  many  time-sharing  computer  systems) . 

(3)  FORM  C-1A  (SCHEDULE  START  AND  FINISH  DATES). 

ACTIVITY/MILESTONE  CODE  taken  from  TRANSIM  V 
FORM  C— 1 is  entered  in  the  first  column  of  FORM  C-1A. 

For  each  ACTIVITY/MILESTONE  CODE,  a "SCHEDULE  START"  DATE  and  a 
"SCHEDULE  FINISH"  DATE  may  be  listed.  These  dates  are  for  referential 
use  only.  They  do  not  influence  the  simulation  results  in  any  way. 
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(A)  FORM  C-2  (ACTIVITY  DATA) 

ACTIVITY/MILESTONE  CODES  should  be  taken  from 
FORM  C-l  and  listed  on  FORM  C-2. 

Information  on  PREDECESSOR  ACTIVITIES,  RESOURCE  REQUIREMENTS, 
and  WORKING  TIMES  for  each  specified  activity  should  be  entered  on  this 
form. 

There  should  be  a minimum  of  one  line  There  can  be  a maxiumum 
of  as  many  lines  as  there  are  PREDECESSOR  ACTIVITIES  or  as  many  lines 
as  there  are  RESOURCE  REQUIREMENTS — whichever  is  greater. 

Reference  of  the  project  network  drawing  and  FORM  C-l  would  be 
necessary  to  determine  PREDECESSOR  ACTIVITIES  and  respective  ACTIVITY/ 
MILESTONE  CODES  assigned  to  these  activities. 

(a)  ACTIVITY/MILESTONE  CODES 

Taken  from  FORM  C-l  and  entered  here. 

(b)  PREDECESSOR  ACTIVITIES 

A PREDECESSOR  ACTIVITY  is  an  activity 
that  preceeds  a specific  activity.  There  can  be  more  than  one  PREDECESSOR 
ACTIVITY  for  any  given  activity. 

For  the  BEGINNING  ACTIVITY,  the  word  "NONE"  would  be  entered  as 
its  PREDECESSOR  ACTIVITY.  There  may  be  more  than  one  beginning  activity 
in  a given  NETWORK;  however,  all  activities  must  eventually  lead  to  a single 
end  activity. 

List  the  first  PREDECESSOR  ACTIVITY  (taken  from  the  NETWORK  by 
CODE  (either  marked  on  the  NETWORK  or  taken  from  FORM  C-l) . If  there  is 
more  than  one  PREDECESSOR  ACTIVITY,  list  them  all  on  successive  lines. 
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(c)  RESOURCE  REQUIREMENTS 

For  any  given  activity,  there  may  be  one 
or  more  RESOURCE  CODE(S).  These  are  listed  in  sequence  corresponding  to 
the  given  activity  — the  first  RESOURCE  CODE  is  listed  on  the  same  line 
as  the  corresponding  activity;  each  additional  Resource  is  listed  on  each 
succeeding  line. 


(d)  QUANTITY 

The  QUANTITY  of  the  Resource  required  is 
listed  corresponding  to  the  specific  RESOURCE  TYPE  CODE.  Decimal  frac- 
tions with  one  or  two  digits  to  the  right  of  the  decimal  point  may  be 
used. 


QUANTITY  is  taken  as  the  average  level  of  Resource  application  over 
the  entire  duration  of  the  activity. 

No  entry  in  a corresponding  COST  REPORT  will  appear  for  a given 
activity  where  a RESOURCE  entry  is  zero. 

(e)  SCHEDULED  HOLD  PRIOR  TO  ACTIVITY  START 
Use  this  section  whenever  it  is  desired 

to  deliberately  hold  an  activity  lor  a specified  number  of  workdays 
following  completion  of  all  its  PREDECESSOR  ACTIVITIES. 

(f)  WORKING  TIME  EXPENDED  TO  DATE 

If  workdays  have  already  been  spent  on 
activity  listed,  then  enter  number  of  days  spent  here;  otherwise,  leave 
blank.  Entry  can  be  made  in  terms  of  whole  days  and  in  decimal  fractions. 
If  actual  start  and  finish  dates  are  known,  use  Form  C-9  instead. 


(g)  WORKING  TIME  EXHIBIT  REFERENCE 

List  EXHIBIT  REFERENCE  CODES  here  when 
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time  estimates  are  variable. 


(h)  PERFORMANCE  TO  CONTINUE  UNTIL  THE 


START  OF  ANOTHER  ACTIVITY 

Entry  of  ACTIVITY /MILESTONE  CODE  designated 
as  the  TARGET  ACTIVITY  is  made  here  when  it  is  necessary  to  extend  the 
duration  of  one  activity  to  the  start  of  another  (not  necessarily  an 
immediate  successor  in  a given  net) . The  entry  is  made  on  the  same  line 
as  the  ACTIVITY/MILESTONE  CODE. 

NOTE:  The  START  of  the  TARGET  ACTIVITY  is  defined  for  this  pur- 
pose by  the  completion  of  all  its  PREDECESSORS,  followed  by  the  completion 
of  any  hold  time  specified  for  the  TARGET  ACTIVITY  on  FORM  C-2. 

(5)  FORM  C-2 A (PROBABILISTIC  AND  CONDITIONAL  SUCCESSORS) 
ACTIVITY  CODES  for  PROBABILISTIC  SUCCESSORS 
along  with  their  corresponding  percentage  probabilities  are  entered  into 
columns  where  indicated.  Codes  for  the  activity  designated  a PROBABILISTIC 
SUCCESSOR  are  taken  from  FORM  C-l  and  entered  in  columns  10-17;  one  successor 
activity  per  line.  Use  as  many  lines  as  there  are  SUCCESSOR  ACTIVITIES. 

Beginning  on  the  same  line  as  the  last  listed  PROBABILISTIC 
SUCCESSOR,  go  to  the  PREDECESSOR  ACTIVITY  CODES  column,  and  enter  ACTIVITY 
CODE(S)  of  those  activities  that  preceed  this  PROBABILISTIC  SUCCESSOR 
or  set  of  SUCCESSORS.  If  there  is  more  than  one  PREDECESSOR  ACTIVITY 
to  the  given  SUCCESSOR,  list  their  codes  (taken  from  FORM  C-l)  using  as 
many  lines  as  are  necessary. 

If  a group  of  PREDECESSOR  ACTIVITIES  is  shown,  the  probability 
of  branching  to  a specific  group  of  SUCCESSOR  ACTIVITIES  should  be  shown 
just  once,  on  the  same  line  as  the  first  PREDECESSOR  ACTIVITY  of  the  group. 
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All  sets  of  SUCCESSORS  (PROBABILISTIC  or  CONDITIONAL)  mast  have 


the  same  PREDECESSOR  or  set  of  PREDECESSORS  and  these  relationships  must 
be  shown  on  FORM  C-2  also,  beginning  on  the  same  line  as  the  last  of  the 
possible  SUCCESSORS. 

CONDITIONAL  SUCCESSORS  are  those  SUCCESSOR  ACTIVITIES  whose  start 
is  dependent  upon  the  "START"  or  "FINISH"  of  another  activity.  If,  for 
some  reason,  the  specified  activity  has  not  "STARTED"  or  "FINISHED",  an 
alternative  SUCCESSOR  ACTIVITY  is  listed.  All  ACTIVITY  CODES  are  obtained 
from  FORM  C-l. 

CARD  SEQUENCE  or  IDENTIFICATION  (optional): 

(6)  FORM  C-2B  (PROBABLISTIC  AND  CONDITIONAL 

PREDECESSORS) 

Enter  on  FORM  C-2B  those  PREDECESSORS  that 
have  been  defined  as  PROBABILISTIC  or  CONDITIONAL. 

ACTIVITY  CODE  (taken  from  FORM  C-l)  for  a designated  activity  with 
a set  of  PROBABILISTIC  or  CONDITIONAL  PREDECESSORS  is  entered  in  the 
first  column. 

ACTIVITY  CODES  (taken  from  FORM  C-l)  of  PROBABILISTIC  PREDECESSOR 
ACTIVITIES  and  their  corresponding  PROBABILITIES  are  entered  in  column 
3 and  2,  respectively.  Caution  must  be  taken  to  insure  that  all  PREDECESSOR 
ACTIVITIES  in  a set  are  complete  before  going  on  to  another.  Enter  the 
probability  just  once  for  each  set  of  PREDECESSORS  (adjacent  to  the 
first  predecessor  of  the  set). 

ACTIVITY  CODES  (taken  from  FORM  C-l)  for  PREFERRED  CONDITIONAL 


PREDECESSORS  (or  set  of  PREDECESSORS)  are  entered  where  indicated. 
Required  conditions  (i.e.  the  "START"  or  "FINISH"  of  another  designated 
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activity),  are  then  listed  on  the  same  line  as  the  last  Predecessor  of 


the  set. 

CARD  SEQUENCE  or  IDENTIFICATION  (optional) 

(7)  FORM  C-3A  (ACTIVITY  TIME  EXHIBIT) 

This  form  for  entry  of  ACTIVITY  TIME 
EXHIBITS  includes  given  percent  probabilities  for  each  of  the  three 
TIME  ESTIMATES  (Optimistic,  Most  Likely,  and  Pessimistic).  Entered  along 
with  these  time  estimates  are  corresponding  probabilities.  These  pro- 
babilities must  add  up  to  100  percent. 

TIME  ESTIMATES  are  number  of  workdays  measured  from  activity 
start  to  activity  completion.  Basic  assumptions  are  that  all  Predecessors 
to  the  Specified  Activity  have  been  completed  and  that  all  required 
resources  are  available.  If  delay  in  the  net  occurs  because  of  incomplete 
Predecessors  or  unavailability  of  resources , it  will  automatically  be 
picked  up  by  the  computer. 

TIME  may  be  expressed  in  whole  workdays  and/or  decimal  fractions 
of  a workday  (i.e.  10  (days);  5.24  (days);  6.5  (days);  .75  (days)).  TIMES 
are  expressed  by  an  "OPTIMISTIC"  or  minimum  value,  "MOST  LIKELY"  and 
"PESSIMISTIC"  or  maximum  value.  They  are  defined  as  follows: 

OPTIMISTIC  VALUE — minimum  time  that  the  activity  might  take  to 
complete.  Minimal  completion  time  would  occur  where  no  problems  occur 
and  the  activity  proceeds  smoothly  to  completion  with  very  little,  if 
any  difficulty. 

MOST  LIKELY  VALUE — normal  time  taken  to  activity  completion 
with  typical  but  no  unuBual  or  difficult  problems. 
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PESSIMISTIC  VALUE — maximum  time  taken  to  completion  of  an 
activity  taking  into  consideration  unusual  problems  causing  some 
extensive  difficulties  resulting  in  major  setbacks  to  activity  comple- 
tion. 

It  is  preferable  that  there  be  a one-to-one  correspondence 
between  Exhibit  Time  References  and  Specified  Activity.  Doing  so  will 
eliminate  the  possibility  that  a change  in  time  estimate  made  for  one 
activity  will  not  be  mistakenly  applied  to  another  activity  as  well. 

However,  EXHIBIT  TIMES  may  be  referenced  by  more  than  one 
activity  if  it  is  so  desired. 

EXHIBIT  NUMBER  or  NAME  is  taken  from  FORM  C-2  and  entered  into 
the  first  column. 

PROBABILITIES  and  corresponding  time  estimates  are  entered  as 
indicated  on  the  form  and- as  specified  earlier  in  this  wiite-up  (i.e. 
Optimistic,  Most  Likely,  and  Pessimistic). 

CARD  SEQUENCE  or  IDENTIFICATION  (optional) 
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(8)  FORM  C-3B  (ACTIVITY  TIME  EXHIBIT) 


FORM  C-3B  is  used  when  there  are  no 
PROBABILITY  entries.  It  assumes  that  a modified  triangular  distribu- 
tion is  used  wherein  OPTIMISTIC  and  PESSIMISTIC  TIME  LEVELS  are  assumed 


to  be  at  the  5%  probability  level,  uniformly  rising — on  both  sides — 
to  a MOST  LIKELY  TIME  VALUE  at  a maximum  percentage  of  probability 
of  its  occurrence. 

As  stated  for  FORM  C-3A,  workdays  are  entered  in  whole  days  and / 
or  in  decimal  fractions  (i.e.,  10,  5.2,  .7,  etc.). 

(9)  FORM  C-3C  (ACTIVITY  TIME  EXHIBIT) 

This  form  is  used  for  EXHIBITS  containing 
TIME  ESTIMATES  with  PROBABILITIES  for  the  "OPTIMISTIC"  and/or  "PESSIMIS- 
TIC" times  only.  Obtain  EXHIBIT  NUMBER  from  FORM  C-2. 

NOTE:  A modified  triangular  or  house  distribution  is  assumed 
wherein  OPTIMISTIC  and  PESSIMISTIC  TIMES  may  be  unequal.  For  example, 
the  OPTIMISTIC  TIME  of  a given  EXHIBIT  may  be  5%  and  a PESSIMISTIC 
TIME  may  be  10%.  If  both  PROBABILITY  entries  at  the  ends  are  omitted 
from  any  EXHIBIT,  then  5%  will  be  assumed  for  both  OPTIMISTIC  and  PESSIM- 
ISTIC PROBABILITY  VALUES.  However,  if  a PROBABILITY  VALUE  is  entered 
at  the  OPTIMISTIC  end  only,  it  will  be  applied  to  the  PESSIMISTIC  side 
also.  If  a PROBABILITY  VALUE  is  entered  at  the  PESSIMISTIC  end,  the 
5%  default  will  be  applied  to  the  OPTIMISTIC  end. 

(10)  FORM  C-4A  (RESOURCE  POOL  DATA  AND  RATE/COST 

TABLE) 

This  form  lists  RESOURCE  CODES  and  DESCRIPTION 
along  with  total  number  initially  available  in  the  RESOURCE  POOL  and  RATE 
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or  COST  PER  RESOURCE  UNIT  (per  day  or  hour  and  effective  from  a specified 
workday) . 

As  mentioned  before,  like  the  ACTIVITY  CODE,  the  RESOURCE  TYPE 
NAME  or  CODE  must  consist  of  a minimum  of  two  and  a maximum  of  eight 
contiguous  alpha-numeric  characters. 

DESCRIPTION  is  optional,  but  if  to  be  listed,  it  is  preferable  to 
enter  it  exactly  as  it  appears  in  the  RESOURCE  REPORT  TITLE.  The  RESOURCE 
DESCRIPTION  may  consist  of  any  combination  of  alpha-numeric  characters 
and  blank  spaces. 

The  NUMBER  of  RESOURCE  UNITS  initially  available  in  the  pool  (from 
which  the  requirements  of  individual  activities  will  be  drawn)  may  be 
expressed  as  an  integer  number  or  as  a decimal  number  with  one  or  two 
digits  to  the  right  of  the  decimal  point  (hundredths  of  units) . Care 
must  be  taken  to  insure  that  the  QUANTITY  is  large  enough  to  meet  the 
demands  of  any  individual  activity  drawing  from  that  pool,  because  no 
activity  is  allowed  to  begin  until  all  of  its  resource  requirements  are 
available.  If  two  or  more  activities  require  resources  from  the  same 
pool  and  there  are  not  enough  resource  units  available  to  allow  simul- 
taneous performance  of  all  those  activities,  then  the  resources  will 
be  allocated  to  as  many  activities  as  possible,  with  preference  given  to 
those  activities  that  have  been  waiting  the  longest;  i.e.  those  whose 
PREDECESSOR  ACTIVITIES  were  all  completed  at  the  earliest  times.  In  no 
case  will  the  number  of  resource  units  assigned  to  an  activity  be  less 
than  the  number  shown  as  "required"  on  FORM  C-2. 

RATE/COST  PER  RESOURCE  UNIT.  Enter  dollar  amount  of  cost  per 
RESOURCE  UNIT  on  a daily  (D)  or  hourly  (H)  rate. 
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RATE/COST  EFFECTIVE  FROM  DATE.  Enter  DATE  (day,  month,  year) 
that  the  RATE  or  COST  is  effective.  If  COST/RATE  remains  the  same,  leave 


blank. 

If  COST/RATE  changes,  list  beginning  COST/RATE  per  resource  unit. 
Then,  on  the  next  line,  list  new  COST/RATE  and  in  its  corresponding 
column,  enter  in  the  date  that  this  new  rate  is  effective. 

CARD  SEQUENCE  or  IDENTIFICATION  (optional) 

As  previously  mentioned  (See  Brief  on  FORM  C-l). 

(11)  FORM  C-9  (COMPLETED  AND/OR  UNDERWAY 

ACTIVITIES  ONLY) . 

Enter  ACTIVITY  CODE  of  given  ACTIVITY  taken  from  FORM  C-l  as 
indicated.  For  COMPLETED  ACTIVITIES,  enter  START  and  COMPLETION  DATES, 
as  indicated. 

For  UNDERWAY  ACTIVITIES,  enter  START  DATE  and  DATE  OF  UPDATE. 
Then,  enter  an  EXHIBIT  REFERENCE  for  the  estimated  Time  to  Completion. 

RESOURCE  REQUIREMENTS  should  be  entered  on  this  form  even  if 
they  are  the  same  as  those  already  entered  on  FORM  C-2.  Then  the  C-2 
entry  should  be  deleted. 

RESOURCE  TYPE  NAMES  or  CODES  must  correspond  to  FORM  C-4A.  For 
any  given  activity,  there  may  be  one  or  more  RESOURCE  CODE(S).  These 
are  listed  in  sequence  following  their  corresponding  activity. 

If  ACTIVITY  PERFORMANCE  of  the  SPECIFIED  ACTIVITY  is  to  continue 
to  the  start  of  another  activity,  enter  in  designated  column  the  ap- 
propriate ACTIVITY  CODE  (taken  from  FORM  C-l) . 


L 
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FIGURE  11 


(12)  FORM  C-10  (GENERAL) 


The  UPDATE  line  is  used  to 

establish  an  overall  "date  of  update"  for  the  run.  The  number  of  work- 
days actually  spent  on  each  individual  activity  to  date  may  be  entered 
in  the  appropriate  columns  on  FORM  C-2.  The  actual  START  DATE  and  DATE 
OF  UPDATE  may  be  entered  on  FORM  C-9. 

The  TIME  PERIOD  LINE  is  used  to  determine  the  time  scaling  of  the 
output  reports.  The  time  period  is  normally  set  equal  to  one  workday; 
however,  on  lengthy  projects,  it  is  often  desirable  to  have  the  reports 
somewhat  condensed.  For  example,  in  a lengthy  project  where  one  work- 
week equals  five  workdays,  the  time  period  might  be  specified  as  five 
workdays,  resulting  in  presentation  of  all  output  reports  in  terms  of 
five-day  (workweek)  intervals. 

The  NUMBER  OF  RESOURCE  UNIT  HOURS  PER  RESOURCE  UNIT  WORKDAY  re- 
fers to  the  number  of  hours  worked  per  day  (8,  16,  24,  etc.)  as  presented 
in  the  RESOURCE  UTILIZATION  HISTORY  REPORT.  The  keyword,  "ITERATIONS" 
is  used  to  specify  the  number  of  successive  iterations  or  project  net- 
work simulations  desired. 

If  multiple  copies  are  specified,  the  total  requested  for 
each  report  will  be  printed  before  going  on  to  the  next  report. 

Additional  instructions  for  desired  format  and  editing 
options  are  listed  next.  Options  not  utilized  should  be  crossed  out. 
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(13)  FORM  C-lOA  (RISK  REPORT  SPECIFICATIONS) 


If  a SCHEDULE  RISK  REPORT  is  desired, 
enter  "YES"  in  the  space  (columns  22-24)  allocated  next  to  SCHEDULE 
RISK  REPORT.  If  "NO",  enter  "NO"  and  go  to  the  next  form. 

SORT  OPTIONS  for  the  SCHEDULE  RISK  REPORT  are  listed  on  the 
form.  Cross  out  the  options  NOT  desired  and  enter  number  of  desired 
copies . 

Enter  ACTIVITY /MILESTONE  CODES  (taken  from  FORM  C-L)  of  Activities 
to  be  included  in  the  Risk  Report.  List  the  corresponding  "LEAD  RESPON- 
SIBILITY" which  is  the  first  Responsibility  listed  for  each  designated 
Activity.  Enter  APPROVED  SCHEDULE  DATE  and  designate  as  indicated  on 
this  form  the  type  of  approved  schedule  date  ("B"  entered  if  it  is  an 
Activity  Beginning  Date;  "C"  entered  for  Activity  Completion  Date;  and 
"M"  for  Milestone  Date). 

Enter  ACCEPTABLE  LEVEL  OF  RISK  as  given  in  percentages. 

For  specified  ACTIVITIES (MILESTONES),  a punched  output  deck  can 
be  produced  and  will  have  the  following  information: 

o Activity /Milestone  Code 

o Approved  Schedule  Date 

o Probability  of  Meeting  Approved  Schedule  Date 

o Acceptable  Risk  Level 

o Date  of  Meeting  Acceptable  Risk  Level 

o Percent  Criticality 

For  subsequent  runs,  the  punched  deck  should  be  inserted  before  the  "GO" 
card  of  the  Input  Deck. 
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(14)  FORM  C-ll  (TIME  SUMMARY  GRAPHS) 


TIME  SUMMARY  GRAPHS  present  a histogram 
of  the  range  of  possible  elapsed  times  between  specified  activities  or 
milestones,  or  a distribution  of  start  or  finish  times  for  a given  acti- 
vity. 

It  is  possible  to  enter  data  for  two  TIME  SUMMARY  GRAPHS  on 
this  form.  Enter  title  of  Time  Summary  Graph  to  be  obtained  (lines  1 and 
14).  Additional  data  is  entered  on  the  next  twelve  lines  where  indicated. 

TIME  SUMMARY  GRAPHS  are  presented  in  terms  of  calendar  dates 
only  if  calendar  information  is  included  on  FORM  C-0  and  if  a starting 
activity  is  not  given;  otherwise,  the  report  is  presented  in  terms  of 
workdays  (or  if  specified  on  FORM  C-10,  in  time  periods). 

If  the  distribution  specifications  are  not  given,  the  computer 
will  scale  the  distribution  automatically  to  fit  on  a single  page.  Other- 
wise, the  computer  will  use  as  many  pages  as  are  required  to  meet  the 
specifications . 

For  runs  in  which  the  number  of  iterations  is  greater  than  100, 
fractional  percentage  occurrences  within  any  interval  will  be  rounded 
upward  or  downward  to  the  nearest  percent;  for  example,  a 1- in-250 
occurrence  will  be  rounded  to  0%  and  will  not  appear  on  the  graph. 


(15)  FORM  C- 12  (CRITICALITY,  DELAY,  PROB- 


ABILITY OF  OCCURRENCE  AND  SCHEDULE  REPORT) 

SORT  OPTIONS  arc  as  listed  below  each  report  heading.  You  may 
specify  SORT  OPTIONS  to  be  utilized  and  number  of  copies  desired.  If 
it  is  desired  to  suppress  printing  of  the  portion  of  the  ACTIVITY 
CRITICALITY  REPORT  covering  activities  whose  criticality  is  below  a 
specified  percent,  enter  that  CRITICALITY  PERCENT  in  lines  4 and/or  9. 

A report  listing  those  activities  that  are  delayed  for  lack  of  available 
resources  will  be  automatically  printed.  Conversely,  even  though  an 
activity  may  fail  to  be  executed  in  all  iterations  due  to  Probabilistic 
and/or  Conditional  Branch  Rules,  a report  covering  this  situation  will 
not  be  printed  unless  requested  on  this  form. 

If  an  ACTIVITY  SCHEDULE  TABULATION  is  requested  and  no  SORT  is 
specified,  one  complete  schedule  tabulation  will  be  printed  and  listed 
(sorted)  according  to  Activity  Code.  Additional  sorting  can  be  obtained 
by  specifying  the  keyword  "SORT”  followed  by  one  or  more  of  the  follow- 
ing keyword  combinations: 

EARLIEST  START 
EXPECTED  START 
LATEST  START 
EARLIEST  FINISH 
EXPECTED  FINISH 
LATEST  FINISH 

The  ACTIVITY  SCHEDULE  GRAPH  is  presented  in  order  of  EARLIEST 
START  TIMES.  If  multiple  pages  are  printed  due  to  the  number  of 
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activities  and/or  the  length  of  the  project,  they  will  be  designated  in 
the  upper  right  hand  corner,  as  follows: 


A1 

B1 

Cl 

A2 

B2 

C2 

A3 

B3 

C3 

etc 

and  may  be  taped  together  accordingly  for  presentation  purposes.  Only 
one  copy  of  the  ACTIVITY  SCHEDULE  GRAPH  and  DESCRIPTION  FOR  GRAPH  may  be 
obtained. 


(16)  FORM  C-13A  (SCHEDULE  TABULATION  GRAPH 
AND  STATUS  REPORTS  FOR  RESPONSIBILITY  GRAPH) 

Selected  ACTIVITY  SCHEDULE  TABULATION 
GRAPH  and  STATUS  REPORTS  for  activities  corresponding  to  one  or  more 
RESPONSIBILITY  CODES  may  be  specified  following  the  keyword  , "RESPONSI- 
BILITY." Enter  RESPONSIBILITY  CODES  for  reports  required  as  indicated 
in  instructions  on  the  form. 

If  a report  is  desired  for  each  RESPONSIBILITY  CODE,  simply 
enter  "ALL".  If  no  report  is  required,  leave  the  blanks  unfilled. 

Separate  ACTIVITY  STATUS  REPORTS  may  be  obtained  for  each  of 
the  designated  responsibilities,  covering  "ACTIVITIES  UNDERWAY,"  "DUE 
TO  START,"  and  "DUE  TO  COMPLETE,"  within  the  specified  time  period(s). 

(17)  FORM  C-14  (RESOURCE  REPORTS) 

Each  RESOURCE  CODE  appearing  on  this 
form  should  have  a corresponding  entry  on  FORM  C-4A.  A given  RESOURCE 
CODE  specified  should  appear  only  once  on  FORM- 14. 
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By  default,  if  interval  width  for  the  RESOURCE  GRAPH  is  not 
specified,  the  vertical  axis  (number  of  units)  will  be  automatically 
scaled  to  the  height  of  a single  page.  The  horizontal  axis  (workdays, 
time  periods,  or  calendar  dates)  will  be  scaled  according  to  the  length 
of  the  project  and  may  extend  over  several  pages. 

If  more  than  one  page  is  required  due  to  the  number  of  resources 
and/or  length  of  the  project,  they  will  be  designated  in  the  upper  right 
hand  corner  as  follows: 


Al 

B1 

Cl 

A2 

B2 

C2 

A3 

B3 

C3 

These  can  be  taped  together  accordingly  for  presentation  purposes. 

(18)  FORM  C-15A  (RESOURCE  SUMMARY  REPORTS) 
Information  listed  on  FORM  C-15A 

includes  the  title  of  the  RESOURCE  SUMMARY  REPORT,  specification  of 
those  RESOURCE  CODES  to  be  added  or  subtracted,  and  units  in  which 
these  items  are  to  be  defined. 

Resulting  reports  include  an  AGGREGATE  RESOURCE  HISTORY, 

HISTORY  GRAPH,  and  DESCRIPTION  FOR  A HISTORY  GRAPH. 

This  form  is  also  used  to  obtain  COST  REPORTS  for  those  re- 
sources to  which  a COST  RATE  is  assigned  on  FORM  C-4A. 
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c.  COMPUTER  OPERATIONS. 

1 . Data  Deck  Structure. 

The  card  deck  or  input  file  prepared  from  the  pre- 
coded  forms  and  submitted  to  the  computer  may  consist  of  any  number  of 
separate  segments,  but  must  always  be  in  the  following  sequence. 

a.  Control  Cards. 

These  cards  are  unique  to  the  particular  computer 
installation.  They  direct  the  computer  to  allocate  the  necessary  require- 
ments (i.e.  storage,  running  time,  etc.)  to  run  the  package.  Control 
cards  convey  the  following  minimum  information: 

o Account  number. 

o Unique  "job"  identification  and/or  sequence 
number. 

o Machine  time  and/or  output  limits  (number  of 
lines  and/or  pages). 

o Identification  of  the  program  version  to  be 
run. 

o Amount  of  computer  storage  to  be  allocated. 

b.  TRANS IM  V Input  Forms. 

The  remaining  information  to  be  "input"  into  the 
system  for  computer  identification  and  analysis  are  to  be  taken  from  the 
following  forms  in  this  sequence  only: 


C-0,  C-l,  C-1A,  C-2,  C-9,  C-2A  and/or  C-2B,  C-4A, 
C-3A  and/or  C-3B  and/or  C-3C,  C-10,  C-10A,  C-ll, 
C-12,  C-13A,  C-14,  C-15A 
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For  a project  involving  separate  networks,  each  drawing  from  a 
common  resource  pool,  the  data  forms  (C-L,  C-1A,  C-2  and  C-9)  for  each 
of  these  subnetworks  must  be  grouped  together  and  introduced  by  a card 
using  the  following  format. 


(Cols.  1-7) 

(Col.  8) 

(Cols.  9-70) 

NETWORK 

space 

TITLE  OF  NETWORK 

As  shown  above,  the  keyword*  "NETWORK"  is  followed  by  a space 
and  then  by  the  "TITLE  OF  THE  NETWORK." 

NOTE:  For  a single  network,  ignore  the  above.  Specifications 

of  a network  name  is  optional;  it  will  be  treated  as 
"NETWORK"  by  default. 

c.  Final  Card(s). 

The  final  card  of  the  input  data  deck  will 
include  the  word  "GO."  The  word  can  be  punched  anywhere  within 
Columns  1-72  inclusively. 

A "GO"  card  will  permit  simulation  to  proceed  if  there  are  no 
"FATAL"  errors  found  in  the  input  deck. 


* A TRANSIM  V keyword  is  any  word  or  set  of  contiguous  characters  which 
is  preprinted  on  the  input  data  forms. 
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2 . How  to  Estimate  Computer  Running  Time 


The  running  time  for  any  given  network  varies  widely 
from  one  computer  installation  to  another  due  to  inherent  differences  in 
the  operating  characteristics  of  different  computer  systems.  The  best 
guide  to  running  time  for  a particular  network  is  therefore  a comparison 
to  the  time  requirements  of  other  networks  run  at  the  same  computer  in- 
stallation. 

In  general,  the  following  guidelines  apply  in  all  cases: 

o The  running  time  is  always  made  up  of  three  basic 
segments: 

The  time  to  edit  the  input  data 
The  time  to  simulate  the  network 
The  time  to  generate  the  reports 

o The  time  required  for  input  data  editing  is  roughly 
proportional  to  the  number  of  cards  comprising  the 
input  data  deck.  The  time  required  for  simulation 
is  proportional  to  the  number  of  activities  in  the 
network  multiplied  by  the  number  of  iterations  while 
the  time  required  to  generate  the  reports  is  roughly 
proportional  to  the  number  of  pages  of  the  reports 
produced. 

It  should  be  noted  that  the  most  significant  factor  in  determining 
the  running  time  for  all  but  the  smallest  networks,  is  the  number  of 
iterations.  Therefore,  it  is  generally  recommended  that  the  number  of 
iterations  be  held  to  100  or  less  for  all  test  runs,  and  increased  beyond 
100  only  where  necessary  for  statistical  (sample  size)  reasons. 

In  general,  it  can  be  stated  that  for  typical  networks,  the  computer 
time  required  for  editing  the  input  data  and  generating  the  reports  is 
roughly  equal  to  one  half  the  time  required  for  100  iterations.  Increasing 
the  number  of  iterations  to  200  would  therefore  increase  the  running  time 


by  50  percent. 
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D. 


OUTPUT  REPORTS  AND  THEIR  USE. 


TRANSIM  V Output  Reports  are  presented  in  a variety  of  formats, 
as  specified  on  the  input  data  sheets.  Examples  of  each  are  given  in 
this  section. 

1.  SEQUENCE  OF  REPORTS. 

Regardless  of  which  and  how  many  reports  are  specified, 

the  TRANSIM  V output  reports  will  always  appear  in  the  following  sequence: 

o List  of  Names  Used  in  the  Model  (always  printed) 

o Summary  of  Number  of  Words  Data  Storage  Used 

(always  printed) 

o Schedule  Risk  Report 

o Time  Summary  Graph 

o Criticality  Analysis  Report 

o Activity  Criticality  Report 

With  Predecessors,  sorted  by 
Activity/Milestone  Code 
and/or 

Decreasing  Criticality 

With  Successors,  sorted  by 
Activity/Milestone  Code 
and/or 

Decreasing  Criticality 

o Activities  Delayed  Awaiting  Resources 

o Activity/Milestone  Probability  of  Occurrence 

Report 

o Activity/Milestone  Schedule,  sorted  by 

Activity/Milestone  Code 
and/or 

Earliest  Start  Times 
and/or 

Expected  Start  Times 
and/or 
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Latest  Start  Times 
and/or 

Earliest  Finish  Times 
and/or 

Expected  Finish  Times 
and/or 

- Latest  Finish  Times 

Activity  Schedule  Graph 

Activity  Code  and  Description  for 
Schedule  Graph 

Resource  Utilization  History 

Resource  Requirements  Graph 

Schedule 

Summary 

Activity  Code  and  Description  for 
Resource  Requirements  Graph 

Aggregate  Resource  History 

Aggregate  Resource  History  Graph 

Schedule 

- Summary 

Activity  Code  and  Description  for  Aggregate 
Resource  History  Graph 

Cumulative  Aggregate  Resource  History 
Graph 

Aggregate  Resource  Summary  Graph 

Activity  Status  Reports 

Activities  Underway  for  Responsibility 
Activities  Due  to  Start 
Activities  Due  to  Complete 


2. 


LIST  OF  NAMES  USED  IN  THE  MODEL. 


All  TRANSIM  V output  defines  the  type  of  entities  used 
in  the  model  to  be  analyzed.  These  may  include: 

o Operating  Element 

o Traffic  Unit  Type 

o Table  Name 

o Rule  Name 

o Group  Code 

o Activity  Code 

o Resource  Code 

o Responsibility  Code 

Names  are  listed  and  the  appropriate  column  Is  checked.  More  than  one 
column  may  be  checked;  for  example,  the  same  NAME  may  be  used  for  both 
an  Activity  and  a Table  Name  (See  Figure  19) . 

3.  SUMMARY  OF  USED  DATA  STORAGE. 

This  section  summarizes  the  actual  usage  of  computer 
storage.  It  may  be  used  to  estimate  internal  data  storage  require- 
ments as  specified  in  TRANSIM  V Input  Data  FORM  C-0  (See  Figure  20). 

4.  SCHEDULE  RISK  REPORT. 

The  SCHEDULE  RISK  REPORT  (See  Figure  21)  lists  the 
probability  that  each  specified  activity  will  meet  its  Approved  Sche- 
dule Date.  The  report  lists  Activity /Milestone  Codes  and  Descriptions 
along  with  corresponding  Percent  Criticality  and  Lead  Responsibility. 

For  example,  a 5%  probable  level  of  risk  is  entered  in  the 
Acceptable  Risk  Level  column.  The  computer  reports  the  date  that  meets 
this  level  of  acceptable  risk,  and  in  the  next  column  (Deficit  or 
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Figure  20.  Summary  of  Number  of  Words  Data  Storage  Used. 


Surplus  Workdays),  lists  the  number  of  days  ("+"  (surplus)  = the  date  of 
meeting  acceptable  risk  level  earlier  than  Approved  Schedule  Date; 
(deficit)  = the  date  of  meeting  acceptable  risk  level  is  later  than  the 
Approved  Schedule  Date)  between  the  Acceptable  Risk  Date  and  the  Approved 
Schedule  Date. 

If  the  report  has  been  updated,  another  section  consisting  of  an 
additional  three  columns  is  created.  These  columns  list  the  differences 
between  the  current  and  previous  runs,  with  respect  to  the  probability 
of  meeting  the  Approved  Schedule  Date,  the  DEFICIT  or  SURPLUS  Workdays, 
and  activity  criticality. 

5.  TIME  SUMMARY  GRAPH. 

The  TIME  SUMMARY  GRAPH  (See  Figure  22)  can  be  obtained  for 
overall  project  time  as  well  as  for  the  start  and/or  finish  times  of  a 
specific  activity,  or  for  the  elapsed  time  between  activities. 

Distributions  are  automatically  scaled  to  fit  a single  page  if 
these  specifications  are  not  given.  If  they  are,  the  computer  will  use 
as  many  pages  as  it  required  to  meet  the  specifications. 

6.  CRITICALITY  ANALYSIS  REPORT. 

The  CRITICALITY  ANALYSIS  REPORT  (See  Figure  23)  simply 
lists  the  number  of  activities/milestones  in  decreasing  order  of 
criticality.  A Criticality  Distribution  of  the  total  number  of 
activities/milestones  in  increments  of  10  percentiles  starting 
from  zero  percentile  (which  identifies  noncritical  activities/mile- 
stones) is  printed. 
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Figure  22.  Time  Summary  Graph 


Figure  23.  Criticality  Analysis  Report. 


Additional  information  listed  on  this  report  is  as  follows: 

o Total  Number  of  Activities/Milestones 

o Number  of  Critical  Activities/Milestones 

(along  with  percent  critical) 

7.  ACTIVITY  CRITICALITY  REPORT. 

The  ACTIVITY  CRITICALITY  REPORT  describes  the  criticality 
of  an  activity  in  the  given  network.  Criticality  of  an  activity  is  the 

I 

percent  probability  that  the  given  activity  will  be  on  the  Critical  Path 
— defined  as  the  sequence  of  activities  that  takes  the  longest  time  from 
Starting  Activity  to  Finish  Activity. 

The  ACTIVITY  CRITICALITY  REPORT  may  be  obtained  with  either  Pre- 
decessor or  Successor  Activities.  The  report  may  be  sorted  either  by 
(1)  Activity/Milestone  Code,  or  (2)  By  Decreasing  Criticality.  Figure 
24  is  an  Activity  Criticality  Report  with  Predecessors — Listed  According 
to  Decreasing  Criticality. 

ACTIVITY  STATUS  is  coded  as  follows: 

indicating  a Completed  Activity,  or 
"+"  indicating  an  Underway  Activity. 

These  indicators  are  printed  in  front  of  the  relevant  Activity  Descrip- 
tion. 

ACTIVITY  CODES  and  DESCRIPTIONS  of  the  specified  activity  and  its 
Predecessor  (s)  or  Successor (s)  Activity (ies)  are  listed  with  their 
corresponding  Criticality  Percent.  Activity  Expected  Slack  Time  (in 
Workdays),  is  listed  for  the  Predecessor  or  Successor  to  which  it 
corresponds.  More  than  one  report  may  be  printed. 
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Figure  24.  Activity  Criticality  Report  (with  Predecessor— Listed  According  to  Decreasing 


8 . ACTIVITIES  DELAYED  AWAITING  RESOURCES. 


This  report  (See  Figure  25)  lists  those  activities  (by 
Code  and  Description)  with  corresponding  criticality  (percent) , delay 
time  (workdays  or  specified  time  units).  Awaiting  Availability  of  All 
Resources  (minimum,  expected,  and  maximum),  and  Total  Resource  Require- 
ments (code  and  number  required). 

Activity  Status  is  indicated  by  for  Completed;  "+"  for 
Underway. 

9.  ACTIVITY/MILESTONE  PROBABILITY  OF  OCCURRENCE  REPORT. 

This  report  (See  Figure  26)  lists  by  Code  and  Description 
those  Activities/Milestones  with  more  than  zero  percent  probability  of 
occurrence.  Corresponding  Percent  Criticality  and  Probability  of 
Occurrence  are  listed  after  their  Activity/Milestone  Code  in  one  of 
two  columns:  100  Percent  and  Less  Than  100  Percent. 

10.  ACTIVITY/MILESTONE  SCHEDULE. 

The  ACTIVITY/MILESTONE  SCHEDULE  (See  Figure  27)  can  be 
listed  according  to  seven  different  sorts.  These  are: 

o Activity/Milestone  Codes 

o Earliest  Start  Times 

o Expected  Start  Times 

o Latest  Start  Times 

o Earliest  Finish  Times 

o Expected  Finish  Times 

o Latest  Finish  Times 

More  than  one  report  may  be  printed.  The  user  may  want  an  Activity/ 


Milestone  Schedule  printed  according  to  more  than  one  sort. 


Figure  25.  Activities  Delayed  Awaiting  Resources  (Listed  According  to  Activity  Code). 


Figure  26.  Activity/Milestone  Probability  of  Occurrence  Report  (Listed  According  to  Activity/ 
Milestone  Code) . 
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Figure  27.  Activity/Milestone  Schedule  (Listed  According  to  Earliest  Start  Times). 


I 


L.  ACTIVITY  SCHEDULE  GRAPH. 

The  ACTIVITY  SCHEDULE  GRAPH  includes  all  of  the  activities 
in  the  network  (See  Figure  28). 

Activity  Code  and  Percent  Criticality  are  listed  down  the 
page.  Activity  Schedule  Time  Duration  is  indicated  on  the  GRAPH  by 

1 

the  following  notation: 

***  = Actual  Duration  of  Completed  Activities 
XXX  = Expected  Activity  Duration 
+++  = Completed  Portion  of  Underway  Activities 

= Range  from  Earliest  Start  to  Latest  Finish 

C = Activity  Duration  Extends  into  Adjacent  Pages 
S = Scheduled  Start  Date 
F = Scheduled  Finish  Date 

12.  ACTIVITY  CODE  AND  DESCRIPTION  FOR  SCHEDULE  GRAPH. 

The  ACTIVITY  CODE  AND  DESCRIPTION  FOR  SCHEDULE  GRAPH  is  a 

listing  of  all  activities  in  the  Schedule  Graph,  together  with  their 
corresponding  Description  and  Criticality  (See  Figure  29) . One  may 
correlate  codes  between  this  report  and  the  graph  to  identify  the  acti- 
vity whose  worktime  duration  is  charted  on  the  graph. 

13.  RESOURCE  UTILIZATION  HISTORY. 

The  RESOURCE  UTILIZATION  HISTORY  lists  all  of  the  utilization 


of  each  specified  resource  (See  Figure  30). 

This  REPORT  is  broken  down  into  four  basic  columns.  These  are: 
Period  Ending  (ending  date  of  each  time  period),  Resource  Unit  Hours 
Utilized  by  All  Activities,  Resource  Unit  Workdays  Utilized  by  All 
Activities,  and  Daily — Resource  Units.  Each  of  the  above  is  further 
subdivided  into  subheaded  columns. 
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Figure  28.  Activity  Schedule  Graph. 
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Figure  29.  Activity  Code  and  Description  for  Schedule  Graph. 
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Figure  30.  Resource  Utilization  History. 


Period  Ending  (Date) . Lists  ending  date  of  specified  time 


period.  Also  code  following  Indicates:  = Actual  Utilization  for 

the  time  period;  "+"  = Sum  of  actual  plus  remaining  Projected  Utiliza- 
tion for  this  time  period. 

Resource  Unit  Hours  Utilized  by  All  Activities.  Lists 
Minimum,  Expected,  and  Maximum  Projected  Utilization.  Actual  Utilization 
is  listed  under  the  Expected  Column. 

NOTE:  The  hours  given  are  determined  by  multiplying 
Resource  Unit  Workdays  by  the  number  of  Hours  in  a Working  Day  (see 
FORM  C-10) . Each  figure  (i.e.  Minimum,  Expected,  and  Maximum)  is  calculated 
in  the  same  way. 

Resource  Unit  Workdays  Utilized  by  All  Activities. 

Actual  Utilization  is  listed  under  the  Expected  Column. 

An  additional  column.  Cumulative  (Expected) , provides 
the  user  with  a Summation  of  Expected  values. 

Daily — Resource  Units.  Resource  Units  Required  by  Activity 
with  Highest  Demand  (UNITS)  is  shown,  together  with  Maximum  Require- 
ments (UNITS).  Also  listed  are  the  Available  Resource  (UNITS)  and 
Expected  Percent  Utilization  of  Available  Resources. 

TOTALS  (not  in  example  figure)  listed  at  the  end  of  the  report 
include:  Total  Expected  Resource  Unit  Hours  Utilization;  Total  Expect- 
ed Resource  Unit  Workdays  Utilization;  Overall  Resource  Units  Expected 
Utilization  (based  on  Resources  Available). 
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14.  RESOURCE  REQUIREMENTS  GRAPH. 


The  RESOURCE  REQUIREMENTS  GRAPH  consists  of  two  sections. 

a.  Schedule  Section  (See  Figure  31). 

The  first  section  lists  Activity  Code,  Percent 
Criticality,  and  Average  Daily  Resource  Units  Required.  It  charts 
the  following: 

***  = Actual  Duration  of  Completed  Activities 
XXX  = Expected  Activity  Duration 
+++  = Completed  Portion  of  Underway  Activities 
- — = Range  from  Earliest  Start  to  Latest  Finish 
C = Activity  Duration  Extends  to  Adjacent  Pages 

b.  Summary  Section  (See  Figure  32). 

This  section  presents  graphically  the  additive 
requirements  of  all  of  the  activities  listed  in  the  foregoing  section 
(i.e.,  all  of  the  activities  utilizing  the  particular  resource,  for 
each  workday  or  time  period) . 

15.  ACTIVITY  CODE  AND  DESCRIPTION  FOR  RESOURCE  REQUIREMENTS 
GRAPH.  This  report  is  similar  in  content  and  format  to  Figure  29: 
Activity  Code  and  Description  for  Schedule  Graph.  As  in  Figure  29, 
Activity  Codes  and  Descriptions  with  their  corresponding  Criticality 
Percents  is  listed  on  this  report. 
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Figure  31.  Resource  Requirements  Graph  (Schedule). 


16.  AGGREGATE  RESOURCE  REPORTS. 

AGGREGATE  RESOURCE  REPORTS  are  similar  to  the  previously 
mentioned  Resource  Reports  except  that  as  denoted  by  the  word,  "aggregate," 
these  reports  show  results  of  a combination  of  two  or  more  activity 
resources.  Figures  33  is  similar  to  the  previously  mentioned  Resource 
Utilization  History  (See  Section  13)  and  Figures  34  and  35  are  similar 
to  the  previously  mentioned  Resource  History  Graphs  (See  Section  14) . 

Note  here  that  "history"  and  "requirements"  are  used  interchangeably. 

Not  shown,  but  possible  to  retrieve  is  a report  on  Activity  Code  and 
Description  for  Aggregate...  which  is  similar  to  other  Activity  Code 
and  Description...  reports  (See  Section  12). 

Additional  reports  are  as  follows: 

a.  CUMULATIVE  AGGREGATE  RESOURCE  HISTORY  GRAPH  (See  Figure  36). 

This  report  presents  the  information  in  terms  of  cumulative 

requirements  for  the  specified  resource(s). 

b.  AGGREGATE  RESOURCE  SUMMARY  GRAPH  (See  Figure  37). 

This  report  lists  the  minimum,  expected,  and  maximum 
requirements  resource  utilization  of  the  specified  resource  over  the 
entire  duration  of  the  project. 

As  indicated  ("X"  = Percent  Probability  (rounded);  "C"  = Cumulative 
Percent  Probability) , the  graph  charts  the  percent  probability  that  the 
Total  Resources  expended  would  be  at  that  specified  percent  probability 
(i.e.,  where  the  X's  end;  cumulative  probability  for  total  project  is 
indicated  by  the  C's). 
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Figure  34.  Aggregate  Resource  History  Graph  (Schedule) 


Figure  36.  Cumulative  Aggregate  Resource  History  Graph. 


Figure  37.  Aggregate  Resource  Summary  Graph. 


17.  ACTIVITY  STATUS  REPORTS. 


The  ACTIVITY  STATUS  REPORT  is  generated  for  a specific  Time 
Period  and  Responsibility  Code.  All  activities  having  a particular 
Responsibility  Code  are  listed  by  their  Activity  Code  and  Description 
in  chronological  order.  All  reports  list  Network  Code  (if  given). 

Activity  Code  and  Description,  and  Percent  Criticality. 

There  are  three  basic  kinds  of  Activity  Status  Reports.  These 

are: 

a.  ACTIVITY  STATUS  REPORT  (For  Activities  Underway  for  Responsi- 
bility) . This  section  lists  those  activities  actually 
underway  at  the  beginning  of  the  specified  time  period  in- 
terval, together  with  Actual  Start  Dates,  plus  the  four 
possible  Finish  Dates  (Schedule,  Earliest,  Expected,  and 
Latest) . Scheduled  Dates  are  listed  when  supplied  on 

FORM  C-1A.  If  an  activity  has  been  completed,  the  Actual 
Finish  Date  is  listed  under  the  Expected  Finish  Date  column. 

b.  ACTIVITY  STATUS  REPORT  (For  Activities  Due  to  Start). 

In  this  section,  all  activities  for  the  given  responsibility 
which  have  started  or  have  some  possibility  of  starting  within 
the  specified  report  time  period,  are  listed. 

c.  ACTIVITY  STATUS  REPORT  (For  Activities  Due  to  Complete). 

In  this  section,  all  activities  for  the  specified  responsibility 
which  have  actually  been  completed  or  have  any  possibility  of 
being  completed  within  the  report  time  period,  are  listed. 
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Figure  39.  Activity  Status  Report  (Activities  Due  to  Start). 


AD-A060  397 


UNCLASSIFIED 


CALIFORNIA  UNIV  LOS  ANGELES  SCHOOL  OF  ENGINEERING  A— ETC  F/G  9/2 
THE  TRANSIM  V MANUAL.  VOLUME  II.  TRANSIM  V USER'S  MANUAL. (U) 

SEP  78  N00014-76-C-0112 

UCLA-ENG-7855  NL 


2 of  2 

a8  60397 


